
ACETONE AKD LIME 

BY M. E. FREUDENHEIM 

When calcium acetate is heated alone, the reaction 
takes place chiefly as in the equation 

Ca(CHCO& = CaC03 + CH3COCH3. 
When calcium acetate is heated with an excess of lime the 
reaction takes place chiefly according to the equation 

Ca(CH,C02)2 + Ca(OH)2 = zCaC03 + 2CH4. 
From this i t  would seem to follow that when acetone is passed 
over heated lime, we should get the reaction 

CH3COCH3 + Ca(OH)2 = CaC03 + 2CH4. 
If this reaction does not take place the acetone is not an 
intermediate product in the second equation. 

Hoffman1 obtained mesityl oxide by heating acetone with 
CaO in an extraction apparatus. The temperatures used 
were from 60' to 100' and if he did obtain any gaseous prod- 
ucts he did not consider them. P. N. Raikow2 placed ace- 
tone and lime in a flask and let them stand for I O  days. He 
obtained mesityl oxide and phorone. Since these experi- 
ments were done at too low temperatures to prove anything 
in regard to the reaction between acetone and heated lime, I 
took up the study of this problem as my senior research work 
under Professor Bancroft. 

When work was first started the apparatus consisted sim- 
ply of a distilling flask filled with acetone heated in a water 
bath. The outlet of the flask was connected to a combus- 
tion tube containing slaked lime and the other end of the com- 
bustion tube was connected to the sample bottle. Various 
difficulties kept coming up which necessitated changes in 
the set-up until that shown in the diagram resulted. This 
has proven very satisfactory and with it all the data given 
here have been obtained. 

Jour. Am. Chem. SOC., 31, 722 (1909). 
Chem. Ztg., 37, 1455. 
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About 300 cc of acetone were run into the distilling 
flask. This was heated by means of a hot plate and the flask 
and plate were wrapped with asbestos board to ensure more 
even heating. The flow of vapor into the combustion tube 
was regulated by stopcock ( I ) ,  (Fig. I ) .  Since this was but 
partially open there was a “piling up” of pressure in the flask. 
On account of this pressure a considerable “head” was neces- 
sary to replenish the acetone in the flask, as I did not wish 
to interrupt the run by cooling the flask. Accordingly, a 
reservoir was put up which gave a pressure of about six feet 
of acetone. This was very satisfactory and the flask could 
be replenished under all conditions. This excess pressure 
in the distilling flask would also become so great at  times 
(seldom however) as to blow the stopper out. If a non- 
flexible tube were used to connect the flask to the reservoir 
this “blow out” would wreck the reservoir. Hence a spring 
made of glass tubing was inserted in the connecting line. 
Rubber could not be used, due to tEe solvent action of the 
acetone on it. 

*4t the start of the experiment the apparatus was of course 
filled with air, the greatest volume of wbich was in the flask. 
T o  get rid of this cocks ( I )  and (3) were closed and cock ( 2 )  

opened, current turned on and the acetone boiled The vapor 
passed through cock ( 2 ) ,  the condensing coil, and into the 
small flask. When no more bubbles were seen in the coil or 
tube leading to the small flask all the air was out of the still. 

A standard 2 7 ”  laboratory combustion furnace was used 
with a 45” tube of Jena glass. A long tube was used in order 
to avoid contamination from the rubber stoppers. These 
were faced with cork washers and the ends of the combus- 
tion tube were wound with wet rags at  these places. A t  the 
ends of the inlet and outlet tubes in the combustion tube 
tufts of glass‘wool were inserted to keep out any particles 
of lime which might be blown in and clog the tube. Between 
40 and 50 grams of Ca(OH)2 were placed in the combustion 
tube before each run. The temperature of the combustion 
could be read by means of the pyrometer. 
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From the combustion tube the gaseous and volatile prod- 
This ucts passed through cock (5) and into the cylinder (A). 

--- 

was so connected up that in event of any suction in the tube 
gas and not liquid would return. Cylinders (A) and (B) 
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were water-cooled and took out practically all of the volatile 
products. Cylinder (C) was for the same purpose but 
there was practically no condensible matter left a t  that 
point. Cylinder (A) was provided with a drain so that as 
it filled, the products could be forced out by closing cock (7)  
and opening cock (6). From (C) the gas passed into the 
sample bottle where i t  was trapped over water by simply 
closing cocks (8) and (9). These sample bottles were cali- 
brated so that the rate of gas evolution could be measured. 

Procedure 

To make a run with apparatus described in the pre- 
ceding pages the following procedure was used: With the 
still closed off from the combustion tube by means of cock 
( I )  the furnace was started low to avoid cracking of the tube 
by sudden heating and then gradually run up till the de- 
sired temperature was recorded by the pyrometer. During 
this cocks ( 5 )  and (7) are open so that the gas expansion 
caused no internal pressure. n’ow with the still one-fourth 
full of acetone, cocks ( I )  and ( 3 )  closed and cock (2)  open 
the hot plate was started and the acetone brought to boiling. 
The vapor passed through the condenser and when no 
bubbles could be seen in the coil cock ( I )  was opened sending 
the acetone through the combustion tube and cock (2)  closed. 
The still was replenished as needed from the reservoir by 
opening cocks (3) and (4). 

The gaseous products were allowed to exhaust into the air 
for from 15 minutes to one-half hour so that all the air was 
swept out of the combustion tube, traps, and condensers. 
Samples were now taken at stated intervals in bottles as 
shown in the diagram. 

Cylinder (A) was drained as necessary. 
The samples obtained were analyzed in the following 

order : 
COz KOH pipette 
Oleofines HzSz07 pipette and KOH pipette to absorb acid fumes 
0 2  alkaline pyro pipette 
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CO first an old and then a new acid cuprous chloride pipette + KOH 

CHa and H2 by combustion with O2 
. CH4 = COz taken up by KOH 

pipette 

Hz = two-thirds (total contraction, 2CHq) 
These analyses were correct to =to,  4 percent. 
When all the desired samples had been taken the heat 

was shut off, the apparatus allowed to cool and then cleaned 
and the reagents replenished. 

Using the foregoing apparatus and procedure three classes 
of products were obtained. 

( I )  In  the combustion tube CaC03 and C were left in 
the form of black lumps. The carbon deposition varied 
with the temperature being slight at  low temperature and 
very heavy a t  high temperatures. 

(2) Liquid products (of a yellow color) which were con- 
densed in the cylinders. The greatest portion of this was 
acetone since an excess was continually being passed through 
the tube. 

(3) Gaseous products-consisting of CH4, HZj CO, ole- 
fines, traces of air and COz-the ones with which we are con- 
cerned in this experiment and the only ones considered. 

The rate of evolution of the gases was dependent on the 
temperature of the experiment and on the length of a run. 
As shown in some tables which follow the higher the temper- 
ature the more rapid the formation of the gases and the longer 
the run the less rapid the formation of the gases. This last 
is explained by the fact that the charge in the combustion 
tube is gradually being converted to CaC03 and C. The 
first is what we would naturally expect since heat as a general 
thing increases the reaction velocity. 

Analyses of the samples obtained at  the same tempera- 
ture were fairly constant, all things considered. Samples 
taken from I to 2 hours after the acetone vapor had been 
started through the combustion tube analyzed practically 
the same. A slight amount of air in the apparatus made a 
great difference in the results. In the course of a run there 
was a slight tendency for the Hz content to drop off and the 

These were: 
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9 . 5  
20.8 
3=  
32 

54 
36 

CH4 content to increase. 
showing this and the variation in rate. 

Here is a typical set of analyses 

I 1 / 2 1 3 1 4  
~ 

Sample No. 

7 8  
67 
45 
40 
30 
I O  

CHI 
H2 
Rate cc,'min 

These are data from a run made a t  550'. The CO and 
olefine content remained practically constant around I 6 
percent and 4 percent, respectively. These samples were 
taken every one-fourth hour, as was done in the majority of 
cases for from I to 2 hours. In a few runs samples were taken 
every one-half hour over the same period. This is the period 
of even decomposition. Samples taken later were given off 
at  a very slow rate and their analyses varied .over a wide 
range. 

The following table is really a summation of the results. 
These values were obtained by averaging the analysis of 
samples obtained during the second hour of the run. The 
same values were obtained-within I or 2 percent in the case 
of Hz and CH4 and 0 . 5  percent for CO and olefines-by 
averaging all the analyses made on all the samples taken 
during a run or runs at a definite temperature. 

Tempera- 
ture 

350° 
450 
5 30 
550 
600 
630 

0 

2 .  j 
I O  
16 
I 7  
23 

70 olefines 

___- 

<: I 
2 

3 

4 

Rate of evol. 
cc/min. 

These data are shown graphically in Fig. 2 .  There are 
two distinct points to be accounted for. One is the increas- 
ing formation of carbon monoxide and ethylene at  high tem- 
peratures and the other is the fact that hydrogen is relatively 



so important a product at  low temperatures and is relatively 
so mimportant a t  high temperatures. The first point is 
quite simple. Schmidlin and Bergmanl passed acetone vapor 

Fig. 2 

through a glass tube filled with pieces of earthenware and 
heated to 500°-6000. They obtained 10-15 percent yield 
of keten, according to the equation 

At higher temperatures the keten decomposed into carbon 
monoxide and ethylene. 

Barbier and Roux2 obtained a similar decomposition by pass- 
ing acetone vapor through a copper tube heated to IOOOO. 

We may also get carbon monoxide through dissociation of 
a ~ e t o n e , ~  according to  the equation 

By assuming a judicious combination of these two reactions 
with the normal one, i t  is possible to account for the relative 
amounts of methane, carbon monoxide, and ethylene in any 
of the experiments. 

CH3COCH3 = CH4 + CH2CO. 

2CH3CO = 2CO + C2H4. 

zCH~COCH~ = 2CH4 + 2CO + CnH4. 

CHBCOCH~ = CH4 + CO + C + H2. 

- 
Ber. deutsch. chem. Ges., 43> 2821 (1910). 

2 Bull. SOC. chim. Paris, ( 2 )  46, 268 (1886). 
8 Nef: Liebig’s Ann., 318, 19 (1901). 
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It is more difficult to account for the production of hydro- 
gen and methane alone at 3 50'. There is one point to be 
mentioned first about the hydrogen curve. Although the per- 
centage of hydrogen in the gas mixture decreases with rising 
temperature from nearly eighty percent a t  3 j o o  to about ten 
percent a t  6joo, the rate of evolution of hydrogen increases 
with rising temperature. Since the total evolution of gas a t  
350' is about j cc/min., the rate of evolution of hydrogen 
is about 4 cc/min. At 650' the total evolution is a t  a rate 
of 170 cc/min. which corresponds to a hydrogen evolution of 
about 1 7  cc/min., over four times the rate at  the lower tem- 
perature. There are several possible ways of accounting 
for the evolution of hydrogen without any carbon monoxide ; 
but they are all unsatisfactory. One would like to assume 
that acetone behaved like an alcohol and split off hydrogen 
to some extent under the catalytic action of heated lime; 
but then we ought to name the other product. It would be 
nearly hopeless to look for a small amount of liquid product 
in the condensed portion because that contains so much ace- 
tone and the condensation products of acetone. I have also 
been unable to get any organic chemist to make any predic- 
tion as to what the hypothetical product might be. Another 
suggestion that has been made is that the lime retains some 
of the carbon monoxide as formate which might perhaps be 
stabilized somewhat by the presence of an excess of acetone; 
but the curves for hydrogen and carbon monoxide do not 
offer any encouragement for this view. Diels and Meyer- 
heiml obtained some carbon suboxide, C302, by treating ma- 
lonic acid with phosphorus pentoxide. 

but there is nothing to warrant the belief that lime causes 
acetone to break down into hydrogen and either a new car- 
bon suboxide or into carbon suboxide plus carbon. When 
sodium acetate is electrolyzed in aqueous solution, the anode 
products may be ethane and carbon dioxide. 

CHa(COzH)2 = ( 2 3 0 2  + 2Hz0 

2CHaC02 = C2Hs + 2C02. 
Ber. deutsch. chem. Ges., 40, 355 (1907). 
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. In  presence of sulphates, chlorates, or carbonates, methyl 
alcohol and carbon dioxide may be formed in nearly quanti- 
tative amounts, apparently according to the equation 

It is conceivable, though not very probable, that a reaction 
takes place. 
2CH3COCH3 + CaO2H2 + 2H20 = (CH3C02)zCa + zCH30H + 2Hz. 
As a matter of fact, there is no satisfactory explanation as 
yet for this evolution of hydrogen. A similar phenomenon 
apparently occurs when sodium acetate is heated with soda- 
lime, because Gill and Hunt1 report that the methane may 
contain up to ten percent hydrogen. 

Regardless of where the hydrogen may come from, it 
may be asked why i t  does not increase relatively with rising 
temperature. One possible answer is that the other reac- 
tions have much higher temperature coefficients ; but the more 
satisfactory answer is that the hydrogen is probably used up 
more and more as the temperature rises, reducing some of 
the excess acetone to isopropyl alcohol. The reason for this 
belief is that Mr. Engelder has since passed acetone vapor 
over heated nickel and obtained isopropyl alcohol together 
with a precipitation of carbon. The time at  my disposal 
did not permit of my clearing up the question of the hydrogen 
much as I should otherwise have liked to. 

The following conclusions may be drawn from this work: 
I .  When acetone is passed over lime heated to 6 5 0 " ~  

the chief gaseous product is methane. 
2 .  There is nothing, therefore, to prevent acetone from 

being an intermediate product when calcium acetate and lime 
are heated together. 

3 .  The presence of carbon monoxide may be due in part 
to the dissociation of acetone into methane, carbon monoxide, 
carbon, and hydrogen. 

4. The presence of ethylene is probably due to  the dis- 

CHBCOz + OH = CH30H + COS. 

1 Jour Am. Chem. SOC., 17, 986 (1895). 



Acetone and Lime I93 

sociation of acetone into methane and keten, the keten break- 
ing down into carbon monoxide and ethylene. 

5 .  At 350' the gaseous products are nearly eighty per- 
cent hydrogen and about twenty percent methane. There 
is no really satisfactory explanation for this hydrogen forma- 
tion. 

6. It is known that hydrogen is also set free when sodium 
acetate is heated with soda-lime. 

7. When acetone is passed over lime heated to 350' 
relatively little carbon is formed. At higher temperatures 
the amount of carbon increases rapidly. 

8. When acetone is passed over heated nickel, a good 
deal of carbon is precipitated and some of the excess acetone 
is reduced to isopropyl alcohol. 

9. It is probable that isopropyl alcohol is also formed 
when acetone is passed over heated lime; but no tests have 
been made. 

IO. Although the percentage of hydrogen in the gas 
mixture decreases very rapidly with rising temperature, 
the rate of evolution of hydrogen increases with rising tem- 
perature from about 4 cc/min. a t  350' to about 17 cc/min. at 
650 '. 

Cornell Cnzoersity 


